Each day, advances in the instrumentation and operating protocols bring new applications and insights into the molecular processes of ultra violet-matrix assisted laser desorption/ionizationmass spectrometry (UV-MALDI MS), increasing i t s potential use. We report here an approach in which mass spectrometry analysis of sphingolipids has been performed using a fluorescent tag (nitrobenz-2-oxa-1, 3-diazole, NBD) covalently linked to the sphingoid base as matrix. Thus, different labeled-sphingolipids were analyzed: ceramide, dihydroceramide, acetylceramide, glucosylceramide, galactosylceramide, galactosyldihydroceramide. In addition an extract of glycosphingolipids obtained from epimastigote forms of Trypanosoma cruzi metabolically labeled with NBD-ceramide was analyzed. The goal of this work is to show that no matrix needs to be added for the mass spectrometry analysis as the same tag used to label the lipids may generate efficiently analyte ions to obtain high quality signals. (J Am Soc Mass Spectrom 2008, 19, 923-926) 
T oday, ultraviolet matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry (UV-MALDI-TOF MS) is perhaps the most important analytical technique currently used for glycoconjugate analysis, glycoproteins and glycolipids [1, 2] . One of the key parts in UV-MALDI analysis is the sample preparation, crucial for the success of the MS experiment. Samples are prepared as films on a sample target and are irradiated with a pulsed laser to form a plume in the vacuum leading to analyte gas ions [3, 4] . An important parameter for the excitation part of the UV-MALDI experiment is, unsurprisingly, absorption by the UV-MALDI matrix at the applied laser wavelength [5, 6] . Even if recent years have provided much deeper insights into the general MALDI process, it is in some cases still unclear how to choose a matrix's chemical structure to obtain good signals. On the other hand, perhaps the greatest advance in tagging methods for biochemical profiling has been the use of small fluorophores that are used for direct imaging of labeled targets using fluorescence microscopy as well as detection in SDS-PAGE and thin layer chromatography (TLC). The most commonly used classes include fluorescein and rhodamine [7] , dansyl [8] , nitrobenz-2-oxa-1,3diazole (NBD) [9] , dipyrromethene boron difluoride (BODIPY) [10] , and the cyanine (Cy)-dyes [11] . Fluorophores as fluorescein and rhodamine are relatively inex-pensive, but suffer from rapid photobleaching, making them less suitable for most imaging applications. NBD, BODIPY, and Cy-dyes display high absorption coefficients, high quantum yields, narrow absorption peaks, and relatively large stoke shifts. In addition, several of these fluorophores are highly hydrophobic and can help to enhance the cell permeability of labeled probes. For example, BODIPY labeled forms of this probe freely penetrate live cells and can be used for biochemical profiling and live cell imaging [10 -12] .
We report here an approach in which MS analysis of sphingolipids has been performed using a fluorescent tag linked to the sphingoid base. The goal of this work is to show that no external matrix needs to be added for the analysis, as the same tag used to metabolically label the lipids may work as UV-MALDI matrix, allowing the obtention of high quality spectra. The reproducible and selective detection of the analyte molecules provides an opportunity for biological sample profiling and adds a new use for this type of fluorophore marker: UV-MALDI matrix for MS analysis.
Experimental
Materials N-([7-Nitrobenz-2-oxa-1,3-diazol-4-yl]aminocaproyl)sphingosine (NBD-ceramide, NBD-Cer), NBD-dihydroceramide (NBD-DHCer), NBD-glucosylceramide (NBD-GlcCer), NBD-galactosylceramide (NBD-GalCer), and NBDsphingomyelin (NBD-SM), ceramides d18:1 acylated with C2:0, with C16:0, and with C18:0, lactosylceramide, globotetraosylceramide, and gangliotetraosylceramide were purchased from Sigma-Aldrich (St. Louis, MO). All solvents used were of HPLC grade. Water of very low conductivity (MilliQ grade, 18 M⍀, Millipore, Bedford, MA) was used.
Synthesis of N-(NBD-Aminocaproyl)Sphinganine
was hydrogenated in methanol under hydrogen (30 psi) at room temperature in the presence of 10% Pd/C catalyst. The reaction was complete after 2 h. The ␤-D-hexosylsphinganine obtained was N-acylated by coupling with the N-succinimidyl derivative of the C 6 -NBD acid (Molecular Probes, Eugene, OR) in dimethylformamide and di-isopropylamine at 30°C for 48 h in the dark [13] . Each product was purified by preparative TLC using chloroform:methanol:water 40:10:1 (vol/vol/vol) as developing solvent. The NBD-DHHexosylCer obtained was eluted from the silica with methanol.
Parasite Culture and NBD-Ceramide Incorporation
Epimastigotes forms of Trypanosoma cruzi (CL Brener strain) were axenically cultured in a biphasic medium at 28°C. At day 5, the culture was continued in a liquid medium supplemented with 10% (vol/vol) of bovine fetal serum. NBD-Cer complexed with defatted BSA [14] was incorporated to the parasite culture in a concentration of 5 M in liquid medium. Parasites were labeled for 24 h.
Isolation and Purification of Glycosphingolipids
After lyophilization, parasites were extracted with chloroform:methanol and further purified on DEAE-Sephadex A-25 (acetate form) column, to recover neutral and zwitterionic labeled sphingolipids [15] .
Mass Spectrometry Analysis
Matrices and calibrating chemicals were purchased from Sigma-Aldrich. Measurements were performed using an Ultraflex II TOF/TOF mass spectrometer equipped with a high-performance solid-state laser ( ϭ 355 nm) and a reflector. The system is operated by the Flexcontrol 2.4 software package (Bruker Daltonics GmbsH, Bremen, Germany).
Samples were irradiated with a laser power of 20% and measured in the linear and the reflectron modes, in positive and negative ion modes. The samples were loaded onto a ground steel sample plate (MTP 384 ground steel; Bruker Daltonics GmbsH). Mass spectra were the sum of 100 to 300 single laser shots, depending on the sample conditions. Sample Preparation 2,5-dihydroxybenzoic acid (DHB), nor-harmane (9Hpyrido-[3,4-␤]indole) and ␣-cyano-4-hydroxycinnamic acid (CHCA) were used as matrices. Different matrix solutions were made, DHB 1 : 77 mg/mL DHB, 0.1% TFA (trifluoroacetic acid) in ethylacetate; DHB 2 : 20 mg/mL DHB in ethanol 50%; DHB 3 : 10 mg/mL DHB in ethanol: water 1:9 (vol/vol), 2 mg/mL nor-harmane in water; methanol 1:1 (vol/vol), and saturated solution of CHCA in acetonitrile: 0,1% TFA, 2:1 (vol/vol) [16] . The analyte solutions (10 g/mL) were freshly prepared in methanol or in water:methanol 1:1 (vol/vol).
Samples were loaded onto the sample probe using the mixture method. Analytes were also loaded and analyzed without matrix. In this case, 0.5 L of the stock solution was applied onto the sample plate and allowed to air-dry at room temperature; this process was repeated twice.
Spectrum Calibration
External calibration reagents were used; commercial proteins bradykinin 1-7, MW 757.399; angiotensin I, MW 1296.685; renin substrate, MW 1758.933; and insulin ␤-chain, MW 3494.6506 with CHCA as matrix in positive and negative ion mode.
Results and Discussion
In a series of experiments, organic dyes were used as molecular probes to study sphingolipid biosynthesis during Trypanosoma cruzi development. In this case, NBD-Cer incorporation was performed and the labeled sphingolipid fraction was purified and analyzed by TLC. To determine the structure of each compound, UV-MALDI-MS analysis was tried. Although three different matrices (CHCA, DHB, and nor-harmane), in positive and negative ion mode were used, only signals of the matrices were detected. Taking into account the NBD structure with aromatic rings rendering high efficiency in absorbing at the wavelength of laser source, we tried the MS analysis of different NBD labeled sphingolipids without the addition of an external matrix.
When NBD-ceramide was analyzed, high-quality spectra in the positive (Figure 1a In view of the clean spectra obtained in the negative ion mode, samples of NBD-glucosylceramide (NBD-hexosylceramide) (Figure 2a ), NBD-sphingomyelin (NBD-SM) ( Figure  2b To determine whether this approach would be really useful for biological samples, a lipidic fraction obtained after incorporation of NBD-ceramide into epimastigote forms of T. cruzi was analyzed by MS without adding any external matrix (Figure 3 ). In this case, signals at m/z 636.730 and 647.695 corresponding to [(NBD-Cer-1-PO 4 )-H 2 O-H] Ϫ and [(NBD-phosphatidylinositol ϩ K)-H] Ϫ , respectively, were obtained. Signals overlapping at m/z 737.542 and 739.559 corresponding to NBD-glucosylceramide and NBD-SM were also detected. All these products are major components of T. cruzi [17, 18] .
To confirm the use of the NBD-tag as putative matrix, different nonlabeled sphingolipids were analyzed with the external addition of NBD-Cer. Interestingly, ceramides d18:1 acylated with C2:0, with C16:0 (not shown), and with C18:0 were detected in both negative ( Figure 4a ) and positive ( Figure 4b ) ion modes. In addition, when lactosylceramide (Figure 4c) , gangliotetraosylceramide, and globotetraosylceramide (see Supplementary Data Spectra V and VI), were analyzed, spectra with excellent signal/ noise ratios were obtained in the positive ion modes. This fact indicates that the NBD-ceramide really may act as matrix producing the analyte ionization. 
Conclusions
We have used a fluorescent group covalently linked to a sphingosine moiety not only as a selectively labeling device but also as photosensitizer (matrix) for UV-MALDI MS analysis. Actually, the fact that no external matrix is added indicates that a laser desorption ionization (UV-LDI) process is taking place. However, although LDI is a strong ionization method, very clean spectra were obtained. This application is particularly appealing because metabolites can be localized and characterized in a single experiment, decreasing the analysis time and increasing sensitivity and versatility with minimal sample preparation. Moreover, NBD-ceramide can be used as external matrix for the analysis of other nonlabeled lipids in the positive and the negative ion mode. We have demonstrated that labeled biological samples may be analyzed first with nondestructive techniques based in fluorescence, and afterwards the same samples, without any additional step and without the requirement of a suitable matrix search, by UV-LDI mass spectrometry. However, under the same experimental conditions, the ionization efficiency of samples decreased with increasing the number of sugar units and/or the polarity of the sample although it resulted not very dependent on the sugar type. So it is important to note that even though this system is not universally applicable to all NBD-labeled glycolipids, it may be very useful for low molecular weight NBD-glycolipids. 
